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The Standard Model Higgs Boson
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Very specific set of predictions for the Higgs boson in the SM

v’ Spin-zero scalar

v Sole particle responsible for electroweak symmetry breaking

(masses of W and Z bosons)

v Gives mass to all massive elementary particles, including fermions

v Interactions completely determined by 1) the mass of the Higgs boson,

2) the mass of the other particle, and 3) the vacuum expecation value v

v Only thing undetermined is the Higgs boson mass my

W
®0)

Predictions of the SM frame our
work, even as we search avidly

for deviations
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The Large Hadron Collider, CERN




The Large Hadron Collider, CERN

CMS Integrated Luminosity Delivered, pp

100

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

2010, 7 TeV, 45.0 pb !
2011, 7 TeV, 6.1 fb !
2012, 8 TeV, 23.3 b !
2015, 13 TeV, 4.3 b !
2016, 13 TeV, 41.6 b '
2017, 13 TeV, 49.8 b !
2018, 13 TeV, 67.9 b '

80

60

40

20+

NN G- { BN BT B T Tmamammenm e
Total Integrated Luminosity (fb ')

b ‘
\ N o o R

LA AR

Date (UTC)

Ly

e® Lo oV e<
355 407 W0

ifw g

100

80

50

e 2011 pp
— 2012 pp
— 2015 pp
— 2016 pp
— 2017 pp
— 2018 pp

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

ATLAS Online Luminosity

{s=7TeV
{s =8 TeV
fs =13 TeV
fs =13 TeV
s=13TeV
fs =13 TeV

UONEIqIED 61/




CMS

SM Higgs Boson production

THE

Mediated via heavy particles process 13 TeV
Distinctive final-state features ggF  gluon-gluon fusion 49 pb
allow “tagging” of events for VBF  vector-boson fusion 3.8 pb

categorization _ _
VH associated production 2.3 pb

Cross sections for my=125 GeV:
ttH associated production 0.51 pb

g
ggF
- .. H
g = t, b, etc...
q q’
VBF
q qu
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... and decay
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Branching ratio = Probability for Higgs boson to decay to given final state

1T, 6.3

cc, 2.9 S

Much of the
project of Run 1
and Run 2 has
ZZ, 2.6 been filling in the

—— picture across
gg, 8.6 \Z'Y, 0.2 these production
and decay modes

bb, 57.7 -

Y, 0.2

SM Higgs branching ratios, in %

UNIVERSITY OF
ILLINOIS

AT
CHICAGO

THE

@ ££ Fermilab c. mills October 18, 2021




Run 2: H boson studies mature =

THE

CMS
Run 1:5.1 fb" (7 TeV) + 19.7 o™ (8 TeV) — Total Stat. Only « Mass measurement
2016:35.9 fb™' (13 TeV) .
Total (Stat. Only) conve rglng
Run 1 H—yy —_— 124.70 £ 0.34 ( + 0.31) GeV
Run 1 Ho 72 41 ——— 12559+ 0.46 (+ 0.42) GeV Phys. Lett. B 805 (2020) 135425
Run 1 Combined 125.07 £ 0.28 ( £ 0.26) GeV
————————————————— e i CMS 35.9 fb” (13 TeV)
2016 H—yy ——t 125.78 £ 0.26 ( £ 0.18) GeV 102 b gg—H e Observed _
Py E = 110 (stat @ syst) ]
2016 H— ZZ— 4l —— 125.26 + 0.21 (+ 0.19) GeV fo) § — 120 (stat @ syst) 1
| o - H+V(qq) — +1G (SYSt)
~ SM prediction
2016 Combined T—- 125.46 + 0.16 (+ 0.13) GeV NS 10F VBF
‘ —— N O g
Run 1 + 2016 = 125.38 + 0.14 (£ 0.11) GeV G\J I ’ H+W(v) HtHatH
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II N 15_ H+Z("/VV)* E
122 123 124 125 126 127 128 129 o .
my, (GeV) P -
b'— 10'F Stage 0 Simplified Template Cross Sections .

E o ly,l<25

« Simplified template cross
sections reduce theory 107 b

C WW ]
uncertainties by normalizing > 10F * ' T
u to specified fiducial region ~ 0 . -:
S M 10k [ i 3
@n o 10 '
55 ¢ Eur Phys. J. C 79 (2019) 421 : :
53,z _
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html

Run 2: H boson studies mature

Best individual results
approaching 10%
precision

— Becoming systematics

limited

Simplified Template
Cross Section
interpretations as well

— Details in ATLAS-CONF-

CMS

T | T 1 | T | T 1 | T | I

2020-053

6.3c observation of Wh
production (5.2c
expected)

ATLAS-CONF-2020-027

ATLAS Preliminary 7

otal Stat. == Syst. "I SM
Vs=13TeV,24.5-139fb" y
my, =125.09 GeV, |y, | <2.5
Py = 87% Total Stat. Syst.
ggF vy |in 1.03  +o11( +oos, J%9)
goF 2z i 0.94 *310( 010, +004)
ggF Ww %EI 1.08 *513( :o11, =o015)
| goF M 102 ‘ozl o, lewm)
ggF comb "] 1.00 =+007( +0.05, =+005)
VBF vy = 131 0% 9%, I8iE)
VBF 2z —=— 125 10 ( 0%, l0me)
VBF WW  r==H 0.60 3% ( 135, xoa21)
VBF 1t He=——— 115 05 ( 0%, 10%)
N L (A 1
VBF comb. t= 115 518 ( +ors, 1319)
VH vy == 132 9% ( 0%, 0m)
VH zz == 153 0 ( ‘oeo. lo3)
VH bb s 1.02 518 sorr, 1313)
VH comb. = 110 *388( o1, *J13)
ttH-+tH vy e 0.90 *0%( 8%, *0%)
it V| = 172 RB( e, o)
tHetH . r=———— 120 fpgr( 0%, 10&)
| fHHtH b === 079 los( xom, IG5

)

ttH+tH comb. = 110 1520 ( 035, 1073
!

—2 0 2 4 6 8

o X B normalized to SM

L
(%)
D=
=
Wy O
 =—
woO 2
w=Z Y
T2= T
=o2<0
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

CMS /!

In this talk

« Full suite of Run 2 measurements in progress

« Much recent work points to a new phase in our
engagement with the Higgs boson data
— Rare processes
= kinematic tails, unusual signatures

— Detailed study of interaction vertices
= CP & polarization
— Closing in on 2" generation fermions

= Evidence for h - uu, searches for h - cc

« Cannot hope to do justice to the body of work that exists

« Aspire to give a flavor of what is compelling and
illuminate the path forward
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ATLAS h —» ¢y Evidence =
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« Low-mass: m,, < 30 GeV, so y*, not Z, is dominant

« Categorization by final state lepton flavor (electron or muon), pTt,
VBF tag (if present)

— pTtis “strongly correlated with 31200 ATLAS - - Bkg (ExpPoly2) b
O [ Vs=13TeV,139fb' — Bkg+ Sig (u=1.5) ]

the transverse momentum of o [ lowp, o Data

the lly system, but has better .

experimental resolution”

« Dedicated treatment of
overlapping calorimeter
showers from eey for low
mass

110115120125130135140145150155160

My [GeV]
ATLAS HIGG-2018-43,
Phys. Lett. B 819 (2021) 136412 Most sensitive channel
@ ££ Fermilab c. mills October 18, 2021 10


https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

ATLAS h — ¢y Evidence

CMS

« Low-mass: m,, < 30 GeV, so y*, not Z, is dominant

« Categorization by final state lepton flavor (electron or muon), pTt,
VBF tag (if present)

@ ££ Fermilab c. mills October 18, 2021

3.2 o observed, 2.1 o expected
— 71 r - T T T T 1 T T r - T 1 T T T
ee resolved channels —Fé— ATLAS
ee merged channels . s =13 TeV, 139 fb™
| -e- Total unc.
i channels i ma Syst. only
VBF-enriched channels i T—
High-p_ channels i B
Low-p_, channels ——
ee channels —-:h—-
uu channels : -
g |_||%|'Y*F.Y%.ll,yu gl|0b|a| Tlt L | L : L | L L L | L | !
= ATLAS HIGG-2018-43, - 2 0 2 4 °
Wy O GXB/(GXB)SM
xS O Phys. Lett. B 819 (2021) 136412
w32 8
3253 11


https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

THE

UNIVERSITY OF
ILLINOIS

AT

CHICAGO

CMS Vh, h > WW =

« Associated production modes more powerful as datasets grow
« Reintroduced channel Z — ¢¢ and WW — fvqq (done in Run 1)
« New channel with same-sign dileptons (similar done in ATLAS Run 1

measurement)
CMS Preliminary 137 fb' (13 TeV)
CMS Preliminary L=137fb" (13 TeV) é ¥, e
2 L ' WHSS —— Combination
S 10° XDF 3 e ‘
E ] n=095 jrojgs . .
§ @ N SM
AT E WH3I +0.47
LY w=220"% T Mo 0w
ZH3|
- p=4.12""7
- ZHa4l
8 14 .5 e ———
e e 1722 |
g 0.8
o 06 A !
-0.5 0 0.5 |||||||||I|||||||\\|\|\\‘\\\||||||
MVA discriminant ZH —1 0 1 2 3 4 5 6
most sensitive: Z —» ¢¢ and G/Ogy,
WW - fvév CMS-PAS-HIG-19-017
@ # Fermilab c. mills October 18, 2021 12


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-017/index.html

CMS Vh, h > WW T

Associated production modes becoming more powerful with
larger datasets

« Sensitivity to new physics in tails of momentum distribution
— parameterize in Simplified Template Cross Sections

NS 1 CMS Preliminary 137 o' (13 TeV)
Preliminar: 137 fb™ (13 TeV :
il 4 ( ) VH p! < 150 VH, H>WW
+0.72 . *
=2.65"
L B whHoWW  VH Y > 150
B qqzH, H Ww 1.56 *07 N 00 - SM
- I 5 e
I ggH, H—
— -WH, H- 1t WH p < 150 ~ ucomb = 21 1 -"[?:3‘6
Bl zH, Ho < =152 400
-0.95
WH p! > 150
_ p=356 77
ZH4|
ZH p! < 150
+1.14 ¢
0 010203 04 050607 0809 1 p=341_ %
Signal fraction 7H p -~ 150
e 0 80 +1.15 ;
g u 094 1 L 1 1 | 1 L 1 1 l 1 1 | | | | | 1 | | | 1 | | | | | | L | L 1 1 1
[ —1 0 1 2 3 4 5 6
“a © CMS-PAS-HIG-19-017 /
(T] O/O0
wo g SM
w2z o
Z=pT
=535
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-017/index.html
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Higgs boson pair production

Fa

 Triple-Higgs-boson coupling A is a fundamental parameter of the
Standard Model

« Measuring the shape of the scalar potential
« Connection to electroweak baryogenesis
« Plethora of final states

B(HH—xx yy)
g H mp = 125 GeV [ 10"
// 107%
H )/ 10%
b Ve - < Annn

R -

\ e i
\ 10°

g H Y .

A | | | 1 10-8

§ >

5o o o

§c;> o Reviews in Physics Vol. 5, Nov. 2020, 100039
w== ¢

z:.' T i -
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https://doi.org/10.1016/j.revip.2020.100039
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lelggs status

Fig from Phys Lett B 800 (2020) 135103

Expected 12.8
Observed 22.2

bbzz, 138 fb™
Expected 39.8
Observed 32.5

bbbb, 138 b
Expected 7.84
= Observed 3.88

Expected 5.55
Observed 8.40

ATLAS —— Observed
4 mmeem- Expected -
{s=13TeV, 27.5-36.11b B Expected + 1o
L ggF (pp — HH) =33.51b Expected + 20 _
L Obs. Exp. Exp.stat. |
HH— bbt*t 12.5 15 12
HH— bbbb 12.9 21 18
HH— bbyy 20.3 26 26
HH— W'WW*W 160 120 77
HH— W'Wyy 230 170 160
HH— bbW*W’ 305 305 240 ;
ISR Py N - bbyy, 138 fb’
Combined 6.9 10 8.8
! roy ol s M | L | 1 Lo
10 10° 10 104 oh o5

4.7 (observed)

5% CL uppér limit on Oy ¢ (pp — HH) normalised to <5

40 (observed) hh -» WWbb — fv{£v full Run 2,
Phys. Lett. B 801 (2020) 135145

Run I 2016, 35.9 fb™

g

l T T
CMS
Preliminary
13 TeV

TT |
—e— QObserved

1 2 3456 10
95% CL limit on o(pp — HH (incl.)) / Oem

10

hh — bbtt full Run 2,

-- Median expected
B 68% expected
-- 95% expected

Phys. Rev. Lett. 122 (2019) 121803

CMS-PAS-HIG-20-004

CMS-PAS-HIG-20-005

JHEP 03 (2021) 257

50

100

lines at O'IO'SM =

500
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ATLAS-CONF-2021-030 « Big combinations of 2016 data
5 4.1 (observed) e Full Run 2 measurements
= hh — bbyy full Run 2, : oy
o 0 ATLAS.CANF.2021.016 are starting to fill in
o &
I.I.IZE o
5258 c. mills


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-58/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030
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CP violation

What is it?
— Charge conjugation changes sign

— Parity inverts space coordinates x <« —x

CP quantum number is a property of a particle, CP violation is the
property of a process

Why do we care?

— Sakharov criteria for baryogenesis

= First-order phase transition (interactions out of thermal equilibrium)
= Baryon number violation
= C and CP violation

History in particle physics
— First observed in kaon particle-antiparticle oscillations in 1964

— Studied in b-quarks at BaBar and Belle

= CP violation in CKM matrix established, but not enough to manage
baryogenesis
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CMS h — 1t Yukawa CP 7=

~_ |

« CP violation in the couplings of h would be direct sign of new physics

— Extensively studied in gauge boson sectors, but more plausible (may occur at
tree level) in couplings to fermions

« parameterize via a**, 0 degrees in SM
— as large as 27 degrees in nMSSM

CMS Simulation 13 TeV
* B T T T T | T T T | 171 T T T T | T T T T | T T T ]
. Full Run 2 c:é | = CPeven ==== CP odd }
0.1 == CP mix = Z ]
- Hex i
E~ \\\-’UL ‘nE
0.081 v, & - .
0.061—¢ 4 ]
0.04+—
0.02[— _
Tt — 't " P} > 33 GeV 7
i L L1 | | 11 1 | 1 1 | | 1 1 1 | L L1 | L1 1 | i
‘o'- 0 60 120 180 240 300 360
E q)CP(degrees)
Wy O .
xS © CMS-HIG-20-006, submitted to JHEP
52 o
FEM-
- - .
== @ 2L Fermilab c. mills October 18, 2021 17


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-006/

CMS h — 1t Yukawa CP ™=

~_ |

CMS PP 137 fb~" (13 TeV) Most sensitive
ﬁ N 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 .
5 [ 03307 1 (0708 1 0809 i 0910 § § Observed Category reconstructs
& LY l I 3 B BestfitH — 17 ) .
| ! Jet — T, T through intermediate
| | bke.
i Others p resonance
] Bkg. unc.
— PSH — 17
—— BestfitH — 17
—1
- % SM — 683%CL 73 |1
Sy 1.75 % Best fit -- 95.5%CL—7 |1
= - — 99.7%CL 3 |d20
L1 1.50 = |3
O - ]
1.25F ]
: 15 T%ID
Bin number 1.00 21
(q\|
0.75 |
0.50
0.25
T8
g 0 OO 1 1 L L 1 L L 1 L 1 1 1
5m . 290 45 0 45 90
mgg g o177 (degrees)
23353 g e ; c. mills October 18, 2021 18
@ 2= Fermilab : ctober 18,



ATLAS h > WW CP: ggH =%

« Spin and parity of H[125] established: J° =0+
« Mixing, CP-odd couplings, also well-constrained

« Study interference of CP-even and CP-odd coupling to gluons
in ggH + 2 jet events

C L T T T | T T T |
q q 2 _ ATLAS Simulation ]
- > 5
© " Vs=13TeV, ggF H > WW*— evuv 1
g "qc:: 0.15—~ —CPeven --CPodd ---CP mixed__
o I |Anjj| > 3.0 |
B 1
¥ O g RO e ]
1
;29900 et
0.05, :+1 S S £
tan(a) = 0.0 &+ 0.4 (stat) £ 0.3 (sys) - _
3 SM Value - O . ! L ! | 1 ! L | L ! 1 | |
> 0 2 4 6
7 AD
=2 § HIGG-2017-13, submitted to EPJC j
>2Z o
22355 o : ill 19
@ 2% Fermilab C. mills October 18, 2021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-13/

ATLAS h > WW CP: VBF [

THE
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 Focus on H+2j production: VBF production separating coupling to
longitudinally and transversely polarized vector bosons

L T T T | T T T |
ATLAS Simulation

0.2 . | £ 8T aTas T Observed
Vs =13 TeV, VBF H - WW*— evuv 5 [ ferstev.asim 1225 Total urc.
i ---al_=1.0,ar=0.7 ----a,_=1.0,aT=1.3 I 2 " H— WW* = evuv - Il VBF
- ] = 6 — . goF
"""" a =07, a = 1.0 a =13, a = 1.0 0 . VBF SR -| I Other Higgs
- —a =1.0,a_=1.0(SM) |An.| > 5.0 | - W +jets
| - —| I Z + jets
4 - Il Diboson
o 1, Wi
0.1— """" - —
IIIII ; 5 14__
o ] 5 12p —
| | | : E_ _E
0 2 4 6 065 ' ' R ' ' —
Ay AD;
expected observed
ay, shape + rate fit (at profiled) 1.00ig'?g(stat.)‘:g'?g(syst.) 0.91“:8' llg(stat.)tg'?g(syst.)

at shape + rate fit (ar, profiled)

10792 (stat.)*0:3(syst.) 1.2 + 0.4(stat.)*D5(syst.)

HIGG-2017-13, submitted to EPJC
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-13/

ATLAS h to charm =

« 2" generation quark,

. : N0 > i AL I L L B IR IR B
branching ratio ~3% S 4ooF. ATLAS Preliminary S als Eatiarotnd
i — - Vs=13TeV, 139 b B VZ(—> cT) (u=1.16) .
o Z.Ot,f.om Yshcgarm rt I:T]:JS’[ = 3503_ 0 lepton, 2 jets, 2 c-tags -z:llvg—; cq) (1=0.83)
istinguish by particle 2 "L s p! > 150 Gev Roplathi) -
lifetimes in jet tagging & 300 T B E
— veto b-tagged jets 250 Watr =
_ _ - B Z+hf =
« Associated production: 2002 . Z+mf E
categorize by number of 150 BN VH(> bb) =
Uncertainty —
charged leptons from 100 — SMVH(>ct) x300 3
W/Z decay E
. 50 —
« Categorize by number of - . ]
charm-tagged jets . §5E T T ,LT_ =
& 1o ~—— —4— | + %ﬁ -
= = —e— —— | .
4(_6 0_5 __I | 1 | | | | | | | | | | | | 1 | | | | | I | | | | 1 | | -
s - 60 80 100 120 140 160 180 200
Eﬂ o Mec [GeV]
Wo £  ATLAS-CONF-2021-021
w2Z O
TZ--I . .
== @ 2L Fermilab c. mills October 18, 2021 21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/

THE

ATLAS h to charm =

I

[ IllglllIIIIIIIIII|III|III|I_

. . - ATLA Preliminary —e— Data 4

e Confirm results using W, Z 4000~ (5 - 13 Tev, 139 " Bl VH c6) (u=-9) ]
. - 0+1+2 leptons B VZ(— cc) (u=1.16) -

decays containing charm 142 c-tags, All SR B VW(o cq) (1=0.83)

B-only uncertainty _
— SM VH(— ct) x 26

3000

Events after B-subtraction / 10 GeV

2000/ .
o 5_'|""l""|""|'C';"b|('5')'|""|'_ i i
— L .. — omDb. (0DsS. ] - _
\g’ 4.5:_ ATLAS Prellmlnary ---Comb. (exp.) _: 1000__ __
% - (s=13TeV, 139" o jepton (obs.) ] i ]
n 4_ VH, H— ¢t 1-lepton (obs.) ] - —4— i
355 Ikl <8.5at95% CL — 2-lepton (obs.) ] Ok
3 ] - i
E ------------ ] |I|l|||IIIIII|III|III|III|III|I
2.5:— """""" \ T E 60 80 100 120 140 160 180 200
= N e m,, [GeV]
95% CL
1.5_— 7
i :
0.55— NN ¢/ 7
[T C A\ L/ ]
o b NS 26 X ogy X BF observed
,t -30 -20 -10 0 10 20 30
dn o K, 31 x ogy X BF expected
wo g ATLAS-CONF-2021-021
—: —
523
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/
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Weighted Events / 2 GeV

Data - Bkg.

UNIVERSITY OF
ILLINOIS

700F
600
500
400
300
200
100

AT

ATLAS h — ppu Search

ATLAS + Data
Vs=13TeV, 139 fo — Total pdf
— Signal pdf

H — pu, In(1 + S/B) weighted

--- Bkg. pdf

CHICAGO

115 120 125 130 135 140 145 150 155 160
My, [GeV]

Run 2:
Observed 2.0 ¢
Expected 1.7 ¢

« h — uu a deceptively simple target
« SMBR(2.17 = 0.04) x 104

« FSRrecovery
« Categorized in ggF, VBF, VH, ttH

ATLAS

VH and ttH

ggF 0O-jet categories —o—

ggF 2-jet categories —o—

Vs=13TeV, 139fb"

ledTotal | |Stat. EHSyst. | SM

categories I —— |

ggF 1-jet categories e

06 £12 (+1.2, £0.3)

H — pp

Total Stat. Syst.

VBF categories - 1.8 £1.0 ( £1.0, £0.2)
Combined Fe 12 £06 ( £06, 1o )
ATLAS HIGG-2019-14, | | 1 | | | | | | | | | | | | | | | 1 | | 1 | 1 | | | | 1 |
Phys. Lett. B 812 (2021) -10 -5 0 S 10 15 20
135980 Signal strength
@ ££ Fermilab c. mills October 18, 2021 23


https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
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CMS h — up Evidence

UNIVERSITY OF
ILLINOIS
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CHICAGO

THE

EA

« Categorized in ggF, VBF, VH, ttH
e« Run 1+ Run 2, combined 187 1 (13 TeV)
> Run 1 adds 1% ol i
« FSR photon recovery = 13 Postit B Elomocr
- VBF most sensitive category 10° my=12508Gev YRR TOoK
— DNN incorporates m ,,, An(uu),

quark-gluon jet discriminant, +
others

— Sidebands still defined by m ,,,
with SR: 115 <m,, < 135 GeV

. SSRULIL I L | L | L | IR | 93
= Background not purely data-driven: g B ol
Sensitivity improved by having MC % '1_51 é_'- .......... ‘ ......... ' ‘ ......... ;x‘é ......... %-}---ii:'_ ............. _é
models, Since Would be Stats Iimited D O‘g g_ll ..... I ..... |II ..... o | I ..... I ..... Ill ..... III ..... I ..... II ..... l ..... o I I ..... | ...... I _g

0 2 4 6 8 10 12

in high-purity categories with small
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Conclusions
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Run 2 yielding a comprehensive picture of the observed Higgs
boson

— Analyses moving to a new phase as increased datasets and analysis
sophistication give access to new signatures

Run 3 to start in Spring 2022
— CMS magnet on at full strength last week

High-luminosity LHC coming up in 2027

Deep connection to possible BSM physics makes this a
compelling area for continued investigation

— Have emphasized connection to baryogenesis through modified
couplings

— Interactions/connections to dark matter
— Direct BSM searches
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HL-LHC overview =

N

« Start of the high-luminosity LHC (HL-LHC) in 2027 will be the culmination of
over a decade of intensive work

« 14 TeV proton-proton collisions, 3000-4000 fb-" at instantaneous luminosity of
2 x 1035 cm-1s

« Comparison: Run 3 imminent at 13 TeV (possible upgrade to 14 TeV), 300-
350 fb-' and inst lumi up to 2 x 1034 cm-'s-"

« Up to 140-200 interactions per bunch crossing
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